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© Developing device for an image forming apparatus. 



© In an image forming apparatus, a developing 
device operable with toner or single component type 
developer has a hard first developing roller and a 
soft second developing roller. Fine magnetic N-S 
poles are formed on the periphery of the first roller. 
The second roller conveys the toner, electrostatically 



transferred thereto from the first roller, to an image 
carrier. The device frees a toner image from deterio- 
ration due to toner particles charged to a polarity 
opposite to an expected polarity. The toner forms a 
uniform thin layer on the first roller and is uniformly 
charged. Toner for use with this type of developing 
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BACKGROUND OF THE INVENTION 

The present invention relates to a developing 
device for an image forming apparatus and having 
a hard first developing roller or first conveying 
means formed with fine magnetic N-S poles on the 
periphery thereof, and a soft second developing 
roller or second conveying means for conveying 
toner, or single component type developer, elec- 
trostatically transferred from the first roller to an 
image carrier. 

Generally, in a copier, facsimile apparatus, la- 
ser printer or similar electrophotographic image 
forming apparatus, a developing device is operable 
with one of a single component type developer, or 
toner, and a two component type developer or 
toner and carrier mixture. A device using only toner 
is feasible for miniaturization and basically main- 
tenance-free, compared to a device using a toner 
and carrier mixture. However, the problem with the 
device using toner is that it is difficult to charge the 
toner evenly to a desired polarity. Toner particles 
charged to a polarity opposite to the desired polar- 
ity smear the background of a toner image and 
thereby deteriorate the image. Various kinds of 
schemes have been proposed to obviate this prob- 
lem while making the most of the advantages of 
this type of developer. 

The developing device using the toner may 
have a soft developing roller as toner conveying 
means. However, the soft roller is apt to suffer from 
a creep (permanent compression set) and fail to 
contact a photocoductive element, or image carrier, 
and a blade evenly. This prevents the blade from 
forming a uniform thin toner layer on the roller. The 
soft developing roller may be replaced with a hard 
developing roller in order to eliminate the above 
occurrence. The soft roller has customarily been 
combined with an image carrier implemented as a 
photoconductive belt. Hence, the soft roller is not 
practical without resorting to a drive mechanism 
including a drive roller and gears. Further, because 
the belt becomes offset due to an uneven tension 
distribution thereof, an extra mechanism must be 
provided against the offset- 
Moreover, the conventional device, whether the 
developing roller be soft or hard, cannot eliminate 
the toner charged to the opposite polarity and, 
therefore, the background contamination attribut- 
able thereto. 

In the light of the above, there has been pro- 
posed a developing device having both a hard first 
developing roller and a soft second developing 
roller. The first roller, or first conveying means, is 
formed with magnetic poles on the periphery there- 
of and magnetically causes the toner to deposit 
thereon. The toner is electrostatically transferred 
from the first roller to the s cond roller or second 



conveying means. The second roller is rotated to 
convey the toner to a developing position where an 
image carrier is located. With the two rollers, the 
device is capable of preventing the toner of op- 
5 posrte polarity from arriving at the developing posi- 
tion. 

Specifically, the toner is usually charged by 
friction when it is passes through between the first 
roller and the blade. To charge the toner evenly, it 

10 is necessary to limit the amount of toner deposition 
on the first roller for a unit area. Should more than 
the limited amount of toner be deposited on and 
conveyed by the first roller, there would increase 
the amount of uncharged particles, particles of 

is short charge, and particles of opposite polarity. The 
above conventional device cannot prevent the toner 
of short charge from arriving at the developing 
position although it can intercept the uncharged 
toner and the toner of opposite polarity. When a 

20 latent image is developed by the toner of short 
charge, the resulting toner image lacks a desired 
image density or a desired density ratio. In addi- 
tion, when the toner deposits on the latent image in 
more than a predetermined amount, it melts, when 

25 transferred to a paper and fixed by a fixing unit, 
and runs into the white background of the paper/ 
thereby defacing the image. 

Assume that the amount of toner for a unit area 
is limited on the first, roller in order to charge the 

30 toner evenly while obviating the deterioration of an 
image. Then, the amount of toner which can be 
transferred to the latent image formed on the drum 
is also limited. Hence, it is likely that the image 
fails to have a sufficient density. To settle this 

35 situation, the second roller may be rotated at a 
peripheral speed two to three times as high as the 
peripheral speed of the drum. This will successfully 
increase the amount of toner to deposit on the 
second roller for a unit area. However, if the periph- 

40 eral speed of the second roller is excessively high- 
er than that of the drum, a scavenging force, acting 
on the toner reached the drum, is intensified and 
blurs the leading edge of the image or concen- 
trates the toner at the trailing edge of the image. 

45 Further, it is likely that the adhesion or smash of 
the toner occurs due to frictional heat, or that the 
toner is charged by friction at the developing posi- 
tion. 

As stated above, although the second roller 
so may be rotated at a higher peripheral speed than 
the drum in order to implement the amount of toner 
on the drum great enough to achieve a maximum 
image density, the peripheral speed of the second 
roller should be confined in a certain range. There- 
55 fore, it has been customary to determine the 
amount of toner deposition on the drum and the 
amount of toner deposition on the first roller by 
suitably balancing them with each other. 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present inven- 
tion to provide a developing device for an image 
forming apparatus and capable of obviating the 
deterioration and irregular density distribution of an 
image attributable to the oppositely charged par- 
ticles of toner or single component type developer. 

It is another object of the present invention to 
provide a developing device for an image forming 
apparatus, and having a hard first conveying roller 
and a soft second conveying roller, and capable of 
forming a thin toner layer evenly on the first roller 
and depositing a constant charge on the toner. 

It is another object of the present invention to 
provide toner, or single component type developer, 
for use with a developing device having a hard first 
conveying roller and a soft second conveying roll- 
er. 

In accordance with the present invention, a 
developing device for an image forming apparatus 
and for developing a latent image electrostatically 
formed on an image carrier by toner has a first 
conveying member for conveying the toner depos- 
ited thereon, a regulating member contacting the 
first conveying means, and for regulating the toner 
on the conveying means to form a thin toner layer 
while charging the toner by friction, and a second 
conveying member contacting the first conveying 
member and the image carrier, and for receiving 
the toner from the first conveying member and 
causing the toner to deposit on the latent image of 
the image carrier. The regulating member and first 
conveying member contact each other under a 
pressure of higher than or equal to 20 gf but lower 
than or equal to 360 gf. 

The regulating member and first conveying 
member may contact each other under a pressure 
of higher than or equal to 0 gf but lower than or 
equal to 360 gf. In this case, the regulating mem- 
ber bites into the first conveying means by at least 
-0.1 mm. 

Also, in accordance with the present invention, 
a developing device for an image forming appara- 
tus and for developing a latent image electrostati- 
cally formed on an image carrier by toner hasa first 
conveying member for conveying the toner depos- 
ited thereon, a regulating member for regulating 
the amount of the toner to deposit on the first 
conveying member, and a second conveying mem- 
ber for receiving the toner from the first conveying 
member while the first and second conveying 
members are in rotation. The first and second 
conveying members contact each other at least 
during image formation. 

The first and second conveying means may be 
rotated in opposite directions to each other. In this 
case, the first and second conveying means bite 



into each other at least during image formation. 

Further, in accordance with the present inven- 
tion, a developing device for an image forming 
apparatus and for developing a latent image elec- 
5 trostatically formed on a photoconductive drum by 
toner has a hard first developing roller formed with 
fine magnetic N-S poles on the periphery thereof, 
and for conveying the toner magnetically deposited 
thereon, a blade contacting the first developing 

yo roller, and for regulating the amount of the toner to 
be conveyed by the first developing roller while 
charging the toner passing through between the 
blade and the first developing roller by friction, a 
second developing roller softer than the first devel- 

15 oping roller, and contacting the first developing 
roller, and for electrostatically attracting the toner of 
adequate charge, conveyed by the first developing 
roller, and conveying the toner toward the pho- 
toconductive drum, and two bias power sources 

20 each for applying a particular bias voltage to one of 
the first and second developing rollers. A contact 
pressure acting between the blade and the first 
developing roller and a projection of the edge por- 
tion of the blade from a point where the edge 

25 portion contacts the first developing roller are se- 
lected such that the toner is conveyed by the first 
developing roller in an amount of greater than or 
equal to 0.2 mg/cm 2 but smaller than or equal to 
0.7 mg/cm 2 for a unit time and a unit area. 

30 Moreover, in accordance with the present in- 

vention, toner for use with a developing device for 
an image forming apparatus and comprising a first 
conveying member for conveying the toner depos- 
ited thereon, a regulating member for regulating 

35 the toner on the first conveying member to form a 
thin toner layer while charging it by friction, a and 
second conveying member for causing the charged 
toner to deposit thereon at a position where the 
first and second conveying members contact each 

40 other has a volume resistivity of higher than or 
equal to 10 8 Gem. 

The toner may have a mean particle size of 
smaller than or equal to 12 um. 

The toner may contain magnetic powder dis- 

45 persed in a content greater than or equal to 20 
wt% but smaller than or equal to 60 wt% in each 
particle. 

In addition, the toner may contain, in each 
particle, magnetic powder having a mean particle 
50 size smaller than or equal to 1 um. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
55 vantages of the present invention will become ap- 
parent from the following detailed description taken 
with the accompanying drawings in which: 
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FIG. 1 is a section of a conventional developing 
device using a soft developing roller; 
FIG. 2 is a section showing a conventional de- 
veloping device using a hard developing roller; 
FIG. 3 is a section showing a conventional de- s 
veloping device using both a soft developing 
roller and a hard developing roller and to which 
the present invention is applicable; 
FIG. 4 is a section demonstrating how toner is 
moved in the device of FIG. 3; w 
FIG. 5 is a section of an image forming appara- 
tus implemented with the device of FIG. 3; 
FIG. 6 is a fragmentary perspective view of a 
first embodiment of the developing device in 
accordance with the present invention; is 
FIG. 7 is a side elevation associated with FIG. 6; 
FIG. 8 is a section showing a condition wherein 
toner urges a blade away from a developing 
roller, and apt to occur when the contact pres- 
sure between the blade and the roller is lower 20 
than 20 gf; 

FIG. 9 shows a specific surface condition of the 
developing roller wherein toner is deposited in 
irregular thickness, and apt to occur when the 
contact pressure is higher than 360 gf; 25 
FIG. 10 is a graph showing a relation between 
the projection of the blade and the amount of 
toner to deposit on the roller with respect to a 
case wherein the edge of the blade is ground 
and a case wherein it is not ground; 30 
FIG. 1 1 shows the transfer of toner representa- 
tive of a second embodiment of the present 
invention; 

FIG. 12 demonstrates how the toner is regulated 
in amount in the second embodiment; 35 
FIG. 13 shows how the amount of toner on a 
second developing roller changes in the second 
embodiment; 

FIG. 14 shows a modification of the second 
embodiment; ao 
FIG. 15 shows a relation between the amount of 
toner on the second roller and the number of 
times of contact of the two rollers; 
FIG. 16 shows the regulation of the amount of 
toner to occur when the two rollers are rotated 45 
forward while biting into each other; 
FIG. 17 is a graph indicative of a relation be- 
tween the image density and the amount of 
toner; 

FIG. 18 is a graph representative of a relation 50 
between the amount of toner and the number of 
times of contact of the two rollers; 
FIG. 19 shows a relation between the amount of 
toner and the amount of bite; 

FIG. 20 is a graph indicative of a relation be- 55 
tween the drive torque and the amount of bite; 
FIG. 21 is a graph indicative of a relation be- 
tween the drive torque and the hardness of the 



second roller; 

FIG. 22 shows a development gamma char- 
acteristic particular to a third embodiment of the 
present invention and determined in a 23 • C. 50 
% RH atmosphere; 

FIG. 23 shows a development gamma char- 
acteristic found after 30,000 times of repeated 
copying operation; 

FIG. 24 shows a development gamma char- 
acteristic determined in a 5*C, 25 % RH at- 
mosphere; 

FIG. 25 shows a development gamma char- 
acteristic determined in a 35 °C, 85 %RH at- 
mosphere; 

FIG. 26 demonstrates a method of adjusting the 
amount of toner to be conveyed; 
FIG. 27 shows a relation between the amount of 
toner to be conveyed by the First roller for a unit 
time and a unit area and the amount of toner to 
be conveyed by the second roller; 
FIGS. 28 and 29 are fragmentary sections show- 
ing a conventional developing device; 
FIG. 30 is a section of a conventional developing 
device having second conveying means imple- 
mented as a belt; 

FIG. 31 shows a relation between the magnetiz- 
ing pitch and the magnetic force and particular 
to a fourth embodiment of the present invention; 
FIG. 32 is a graph showing a relation between 
the magnetizing pitch and the irregularity found 
in a toner layer; 

FIG. 33 shows a relation between the magnetic 
force and the amount of toner on the first roller; 
FIG. 34 is a section showing a fifth embodiment 
of the present invention; 

FIG. 35 shows a relation between the volume 
resistivity of toner and the allowance of back- 
ground contamination, and representative of a 
sixth embodiment of the present invention; 
FIG. 36 shows a relation between the mean 
particle size of toner and the edge reproduc- 
ibility rank particular to the sixth embodiment; 
FIG. 37 shows a relation between the magnetic 
powder content of toner and the toner deposition 
on the first roller also particular to the sixth 
embodiment; 

FIG. 38 shows a relation between the magnetic 
powder content and the density of a toner im- 
age; 

FIGS. 39A and 39B each shows a particular 
condition wherein the magnetic powder is dis- 
persed in a single toner particle; and 
FIG. 40 is a graph representative of a relation 
between the mean particle size of the magnetic 
powder and and the allowance of background 
contamination. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

To better understand the present invention, a 
brief reference will be made to a conventional 
developing device using a soft developing roller, 
shown in FIG. 1. As shown, the developing device, 
generally 10, has a hopper 12 storing fresh toner T, 
a toner supply roller 14, a soft developing roller 16, 
a blade 18 contacting the roller 16, and a high- 
tension power source 20. The supply roller 14 
conveys the toner T from the hopper 12 to the 
developing roller 16. The toner T is charged by 
friction acting between the rollers 14 and 16. A bias 
is applied from the power source 20 to the roller 
16. As a result, the charged toner, labeled Tc, is 
electrostatically deposited on the roller 16. The 
roller 16 conveys the toner Tc to a nip portion 
where the roller 16 contacts an image carrier im- 
plemented as a photoconductive drum 1. The drum 
1 is included in an image forming apparatus on 
which the device 10 is mounted. The blade 18 
regulates the toner Tc, being conveyed by the 
roller 16. to form a uniform thin toner layer. Be- 
cause the drum 1 is made of a hard material, the 
nip portion is formed by the soft developing roller 
16. At the nip portion, the toner Tc is transferred 
from the roller 16 to the drum 1 so as to develop a 
latent image electrostatically formed on the drum 1 . 

The developing device 10 has some problems 
yet to be solved, as follows. Because the develop- 
ing roller 16 is soft, it is difficult for the blade 18 to 
form a uniform thin toner layer on the roller 16. The 
soft roller 16 is apt to suffer from a creep (perma- 
nent compression set). The creep prevents the 
roller 16 from contacting the blade 18 and drum 1 
evenly, resulting in defective development. Be- 
cause it is difficult to charge the toner uniformly, 
toner charged to a polarity opposite to an expected 
polarity occurs and causes, for example, smears to 
appear on the background of an image. 

FIG. 2 shows another conventional developing 
device which uses a hard developing roller. As 
shown, the developing device, generally 10A, has a 
hard developing roller 16a in place of the soft 
developing roller 16. FIG. 1. The toner T fed from 
the hopper 12 by the supply roller 14 is deposited 
on the magnetized surface of the developing roller 
16a. The toner T is charged by the friction between 
it and the blade 1 8, regulating the thickness of the 
toner T, and the friction between its particles. The 
charged toner Tc is conveyed by the roller 16a to a 
nip portion where the roller 16a contacts a pho- 
toconductive belt 1a. Because the roller 16a is 
made of a hard material, the nip portion is formed 
by the belt 1a. The charged toner Tc is transferred 
to the belt 1a in the same manner as in FIG. 1. 
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However, the developing device 10A needs a 
drive mechanism, including a drive roller and 
gears, for driving the belt 1 a. The drive mechanism 
increases the cost of the device 10A. Because the 

5 belt 1a is apt to become offset due to an irregular 
tension distribution or similar cause, an extra 
mechanism for coping with the offset is required. In 
addition, the device 10A also suffers from the toner 
charged to the opposite polarity. 

io FIG. 3 shows still another conventional devel- 

oping device which has both a hard developing 
roller and a soft developing roller and uses only 
toner, as distinguished from a toner and carrier 
mixture. As shown, the developing device, gen- 

75 erally 30, has a hopper 32 storing fresh toner T, a 
supply roller 34, a hard first developing roller or 
developing means 36 implemented by a rubber 
magnet or the like, a second developing roller or 
developing means 38 having a soft surface and 

20 contacting the first roller 36 and a photoconductive 
drum 1, a blade or toner regulating means 40 
contacting the second roller 36, a power source 42 
for toner transfer, and a bias power source (HV) 44 
for development. The toner T is caused to form a 

25 thin layer on the first roller 36 while being charged. 
The charged toner T is conveyed by the first roller 
36 to a nip portion where the roller 36 contacts the 
second roller 38. The nip portion is implemented 
by the elastic deformation of the second roller 38. 

30 A bias voltage F1 (V) is applied from the power 
source 42 to the first roller 36 in order to transfer 
the toner T from the roller 36 to the roller 38. 
Likewise, a bias voltage F2 (V) is applied from the 
power source 44 to the second roller 38 for devel- 

35 opment. The transfer of the toner T from the roller 
36 to the roller 38 occurs when the bias voltages 
F1 and F2 satisfy any one of the following con- 
ditions: 

(i) F1 < F2 < 0 when the toner T is negatively 
40 charged and negative-to-positive development is 

effected; 

(ii) 0 < F1 < F2 when the toner T is negatively 
charged and positive-to-positive development is 
effected; 

45 (iii) 0 < F2 < F1 when the toner T is positively 
charged and negative-to-positive development is 
effected; and 

(iv) F2 < F1 < 0 when the toner T is positively 
charged and positive-to-positive development is 
so effected. 

The toner Tc transferred to the second roller 
38 is conveyed to the nip portion, or developing 
position, formed between the roller 38 and the 
drum 1 by the elastic deformation of the roller 38. 
55 At this position, the toner Tc is transferred from the 
roller 38 to the drum 1 to develop a latent image 
carried on the drum 1 . 
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FIG. 4 demonstrates the transfer of the toner T 
to occur when it is negatively charged and nega- 
tive-to-positive development is effected. As shown, 
the toner Tc. mainly charged to the negative polar- 
ity, is deposited on the first roller 36 and then on 
the second roller 38. The toner T + charged to the 
opposite polarity and deposited on the roller 36 is 
not transferred to the roller 38. This successfully 
eliminates background contamination and other de- 
fects. 

A copier or similar image forming apparatus 
implemented with the developing device 30 is 
shown in FIG. 5. As sown, tho apparatus has a 
charger 46, an optical writing device 48, an image 
transfer unit 50, a fixing unit 52 . an outlet roller pair 
54, a cleaning blade 56, a discharger 58, a cas- 
sette 60 loaded with papers P, a pick-up roller 62, 
and a registration roller pair 64. The drum 1 is 
rotatable counterclockwise as indicated by an arrow 
in the figure. The charger 46 uniformly charges the 
surface of the drum 1. The charged surface of the 
drum 1 is sequentially moved due to the rotation of 
the drum 1. The writing device 48 exposes the 
charged surface of the drum 1 imagewise to there- 
by electrostatically form a latent image. As the 
drum 1 is further rotated, the developing device 30 
develops the latent image with toner and thereby 
forms a corresponding toner image on the drum 1 . 
One paper P is fed from the cassette 60 to the 
image transfer unit 50 via the pick-up roller 62 and 
registration roller pair 64 at a predetermined timing. 
As a result the toner image is transferred from the 
drum 1 to the paper P by the transfer unit 50. After 
the toner image has been fixed on the paper P by 
the fixing unit 52, the paper P is driven out of the 
apparatus by the outlet roller pair 54. After the 
image transfer, the toner remaining on the drum 1 
is removed by the cleaning unit 56, and then the 
charges remaining on the drum 1 are dissipated by 
the discharger 58. As a result, the surface potential 
of the drum 1 is restored to zero. These consecu- 
tive steps may be repeated to produce a desired 
number of copies. 

The developing device 30, FIG. 3, having two 
developing rollers 36 and 38 is capable of obviating 
the oppositely charged toner at low cost. However, 
because the toner is fed from the first roller 36 to 
the drum 1 by way of the second roller 38, the 
development of the latent image on the drum 1 is 
critically affected by the thickness and charge dis- 
tribution of the toner layer on the roller 36. 

Preferred embodiments of the developing de- 
vice in accordance with the present invention will 
be described hereinafter. The embodiments are 
practicable with, but not limited to, a device having 
two developing rollers, as shown in FIGS. 3 and 5, 
negatively chargeable toner, and negative-to-posi- 
tive development. In th mbodiments, the same or 



similar constituent parts as or to the parts shown in 
FIGS. 3 and 5 are designated by the same refer- 
ence numerals, and a detailed description thereof 
will not be made in order to avoid redundancy. 

5 

1st Embodiment 

As shown in FIG. 6, the developing device has 
a blade 40 and holds the blade 40 in contact with a 

io first developing roller 36 in a unique configuration. 
The blade 40 has a width or lengthwise direction 6, 
a thickness h, and a projection d as measured from 
the free edge of the blade 40 to tho point where 
the blade 40 contacts the roller 36. Labeled / is a 

75 free length as measured from the other fixed edge 
of the blade 40 to the point where the blade 40 
contacts the roller 36. As shown in RG. 7, the 
blade 40 bites into the roller 36 by an amount v 
corresponding to the displacement between the 

20 straight position of the blade 40 and the position of 
the same contacting the roller 36. 

The pressure of the blade 40 acting on the 
roller 36 is one of the major factors for allowing the 
toner to form a uniformly charged thin layer on the 

25 roller 36. Experiments showed that, as indicated in 
FIG. 8, contact pressures lower than 20 gf cause a 
great amount of toner fed to the roller 36 at a 
position short of the blade 40 to urge the blade 40 
away from the roller 36. This prevented the toner 

30 from forming a thin layer and thereby aggravated 
irregularities in the amount of toner for a unit area 
and toner distribution on the roller 36. Further, the 
amount of charge to deposit on the toner de- 
creased. When the contact pressure was higher 

35 than 360 gf, the toner sequentially formed a film on 
the roller 36 and adhered to the blade 40. As a 
result, the toner layer on the roller 36 was ex- 
tremely irregular in thickness, as shown in FIG. 9. 
Therefore, assuming that the contact pressure is P, 

40 there should be satisfied 20 gf ^ P ^ 360 gf. 

Further, the contact pressure P may be ex- 
pressed as: 

P = (E • b • h 3 • v) / (4 • 1 3 ) Eq. (1) 

45 

where E is the Young's modulus of a member used 
as the blade 40. It follows that a stable toner layer 
is achievable if b, /), v and / are so selected as to 
satisfy the relation 20 gf £ P £ 360 gf . 

so Assume that the roller 36 and blade 40 are 

implemented by a magnetic roller and a magnetic 
member, respectively. Then, because the roller 36 
magnetically attracts the blade 40, a contact pres- 
sure for regulating the toner is attained even if the 

55 contact pressure P is zero. For example, when the 
flux density of the roller 36 was 280 G and the 
blade 40 was made of stainless steel (SUS), the 
toner was adequately charged and allowed to form 



ISDOCID: <EP 0682296A2_I_> 



11 



EP 0 682 296 A2 



12 



a thin layer if the amount of bite v is greater than 
or equal to -0.1 mm. Again, contact pressures 
higher than 360 gf caused the thickness of the 
toner layer on the roller 36 to become extr mely 
irregular. 

The experiments, therefore, showed that defec- 
tive images do not occur if the following relations 
are satisfied: 

0 gf £ P £ 360 gf 
v £ -0.1 mm 

Hence, by selecting the parameters of the Eq. (1) 
such that the above two relations hold, it is possi- 
ble to form a stable toner layer on the roller 36. 

The edge of the blade 40 may be ground, if 
desired. It was found that when the blade 40 has a 
ground edge, the gradient of a graph, shown in 
FIG. 10, decreases, and that the amount of toner 
on the roller 36 is stabilized. Specifically, when the 
edge of the blade 40 is ground, the change in the 
thickness of the toner on the roller 36 decreases 
relative to the projection d of the blade 40. In 
addition, the ground edge reduces the change in 
the toner thickness on the roller 36 against wear 
due to aging, compared to an undulant edge. Con- 
sequently, a stable toner layer is achievable with 
high reliability. 

As stated above, the embodiment confines the 
contact pressure of the blade 40 acting on the 
roller 36 in the range of 20 gf £ P £ 360 gf. In this 
condition, the uniformly charged toner can con- 
stantly form a thin layer on the roller 36, thereby 
eliminating defective images. Further, when the 
contact pressure is held in the range of 0 gf £ P £ 
360 gf and the amount of bite is held in the range 
of v £ -0.1 mm, the uniformly charged toner can 
also constantly form a thin layer on the roller 36. In 
addition, when the edge of the blade 40 is ground, 
the change in the thickness of the toner on the 
roller 36 decreases relative to the projection d of 
the blade 40 and against wear due to aging. This 
enhances reliable development. 

2nd Embodiment 

In the developing device 30, FIG. 3, an electric 
field causing, the toner Tc to move from the first 
roller 36 to the second roller 38 is formed. Hence, 
the amount of toner tends to increase unless it is 
restricted on the roller 38. In the light of this, this 
embodiment restricts the amount of toner by caus- 
ing the two rollers 36 and 38 to contact each other. 

Specifically, the first roller 36 was implemented 
as a rubber magnet, while the second roller 38 was 
implemented as a sponge roller and covered with a 
rubber tube whose surface was coated with a con- 
ductive paint. Toner was supplied whil the two 



3CID: <EP 0682296A2_I_> 



rollers 36 and 38 (smallest diameter portions in 
consideration of jitter) were held in contact in the 
same plane. In this condition, when the roll rs 36 
and 38 were rotated in the forward direction (solid 
5 arrows in FIG. 11) at a linear velocity ratio of 3 
(roller 36) : 1 (roller 38), the amount of toner 
saturated in about 0.3 mg/cm 2 on the roller 36 or in 
about 1.4 mg/cm 2 on the roller 38. On the other 
hand, when the rollers 36 and 38 are reversed 
io (roller 38 rotating in a direction indicated by a 
phantom arrow in FIG. 11), at a linear velocity ratio 
of 3 : -1 , the amount of toner saturated in about 0.3 
mg / cm 2 on the roller 36 or in about 1.1 mg/cm 2 
on the roller 38. 
75 When the rollers 36 and 38 contact each other 

in the above condition, they are slightly deformed 
at the nip portion when the toner is passed there- 
between. In FIG. 12, phantom lines indicate the 
original positions of the rollers 36 and 38. As a 
20 result, the amount of toner is regulated. 

FIG. 13 shows changes in the amount of toner 
on the second roller 38. It will be seen that the 
amount of toner on the roller 38 can be easily 
regulated if the rollers 36 and 38 are held in 
25 contact, although it depends on how many times 
they contact. 

Of course, the amount of toner on the roller 38 
can be regulated even if the rollers 36 and 38 do 
not contact each other, i.e., only if they are spaced 
30 apart by a certain gap. In this case, the prerequisite 
for the adequate toner amount (about 1 mg/cm 2 to 
1.2 mg/cm 2 ) to be satisfied is that the gap be 
maintained extremely small (thickness of several 
toner layers; several tens of microns). However, 
35 such a gap is difficult to form due to the dimen- 
sional tolerances (distance between the axes, jitter 
of the rollers, etc.), so that the irregularity in the 
amount of toner is aggravated. Surely maintaining 
the gap is difficult in the technical aspect and 
40 would increase the cost. 

In the light of the above, as shown in FIG. 14, 
the embodiment may be modified such that the 
rollers 36 and 38 move in opposite directions to 
each other at the nip portion and slightly bite into 
45 each other. This configuration makes it difficult for 
the toner T to pass through the nip portion. In this 
condition, when the toner T is transferred from the 
roller 36 to the roller 38, the amount of toner on the 
roller 38 is simply determined by the amount of 
so toner on the roller 36 and the linear velocity ratio. 
Moreover, the toner T passed through the develop- 
ing position, where the drum 1 is located, is re- 
turned to and collected by the roller 36. As a result, 
the toner on the roller 38 is not only maintained in 
55 a constant amount, but also refreshed every time 
the roller 36 is rotated. Hence, the change in the 
amount of toner on the roller 38 due to the re- 
peated contact of the rollers 36 and 38 is reduced. 

8 



13 



EP 0 682 296 A2 



14 



This successfully allows a minimum of residual 
image to occur. 

FIG. 15 shows a relation between the amount 
of toner on the roller 38 and ttie number of times of 
contact of the rollers 36 and 38. This relation was 
determined with the above modification and when 
the rollers 36 and 38 respectively had diameters of 
16 cm and 20 cm and had a hardness of about 50 
degrees in terms of asker C, when they were 
rotated at a linear velocity ratio of 3 : -1 while biting 
into each other by 0.4 mm, and when the amount 
of toner on the roller 38 was 0.3 mg/cm 2 . As 
shown, the amount of toner on the roller 38 was 
about 0.9 mg/cm 2 without regard to the number of 
times of contact of the rollers 36 and 38. 

For comparison, assume that the rollers 36 and 
38 are rotated in the forward direction while biting 
into each other, as shown in FIG. 16. Then, the 
amount of toner which can pass through the nip 
portion changes, depending on the contact con- 
dition and linear velocity ratio of the rollers 36 and 
38. However, during image formation, the toner T 
mainly moves from the roller 36 to the roller 38, 
but it scarcely moves from the latter to the former. 
In addition, the toner T is apt to accumulate in a 
portion A shown in FIG. 16. 

In the modification, the above advantage is 
attainable only if the rollers 36 and 38 bite into 
each other. It was found by experiments that when 
the rollers 36 and 38 bite each other by more than 
0.5 mm, hardly any toner T is allowed to pass 
through the nip portion, i.e., the stripping effect of 
the rollers 36 and 38 is enhanced. However, an 
increase in the amount of bite does not proportion- 
ally enhance the stripping effect; rather, it in- 
creases the deformation of the rollers 36 and 38 
and is apt to cause a creep to occur. The creep 
depends on the materials, diameters and amounts 
of bite of the rollers 36 and 38 as well as on the 
environment surrounding them. A creep test (30 
days in a 35 *C, 85 %RH atmosphere) showed that 
if the amount of bite is less than 2 mm, the creep 
of the rollers 36 and 38 lies in an allowable range 
in respect of image quality, and that the amount of 
bite should preferably be less than 1.5 mm. As for 
the hardness, a "hard and soft" combination was 
more desirable in stripping effect than a "soft and 
soft" combination for a given amount of bite. 

If the second roller 38 is soft, it can effect 
development in contact with the hard drum 1. 
When use is made of magnetic toner, the roller 38 
is implemented as a magnet roller. However, at the 
present stage of development, a soft magnet roller 
is more expensive than a hard magnet roller. 
Hence, it is more effective to make the roller 38 
softer than the roller 36 and cause the latter to bile 
into the former. 



When experiments were conducted with rollers 
36 having a hardness of about 99 degrees in asker 
C and rollers 38 having hardnesses of about 35 
degrees to 70 degrees, hardly any toner was al- 

5 lowed to pass through the nip portion when the 
rollers 36 and 38 bit into each other by more than 
0.3 mm. This means that the stripping effect is 
noticeable despite such a small amount of bite. 
However, an increase in the amount of bite does 

70 not proportionally enhance the stripping effect; 
rather, it increases the deformation of the rollers 36 
and 38 and is apt to cause a creep to occur, as 
stated earlier. Again, tho creep depends on the 
materials, diameters and amounts of bite of the 

75 rollers 36 and 38 as well as on the environment 
surrounding them. A creep test (30 days in a 
35 *C, 85 %RH atmosphere) showed that if the 
amount of bite is less than 1.3 mm, the creep of 
the rollers 36 and 38 lies in an allowable range in 

20 respect of image quality, and that the amount of 
bite should preferably be less than 0.8 mm. Low 
hardnesses are desirable because they broaden 
the range of allowable amounts of bite and thereby 
promote free adjustment, while reducing the re- 

25 quired drive torque. 

FIG. 17 shows a relation between the second 
roller 3 8 and the density of an image. As shown, 
so long as the amount of toner on the roller 38 is 
less than M 0f the image density increases with an 

30 increase in the amount of toner. The image density 
saturates at M 0 . Therefore, to prevent the image 
density from changing when the amount of toner 
on the roller 38 changes, it is necessary that the 
amount of toner be selected in a range capable of 

35 implementing the saturation density. However, the 
amount of toner should be as small as possible 
because an increase in the amount of toner directly 
translates into an increase in toner consumption. 
To satisfy these conditions at a time, it is neces- 

40 sary to confine the amount of toner m/a on the 
roller 58 in a range of Mi (M 0 = Mi in the 
embodiment) £ m/a £ M2. 

On the other hand, while the drum 1 is in 
rotation, the rollers 36 and 38 are constantly rotat- 

45 ed, whether image formation be under way or not, 
in contact with each other. As shown in FIG. 18, the 
amount of toner m/a on the roller 38 is affected by 
the number of times of contact of the rollers 36 and 
38 and the amount of bite thereof. Specifically, the 

50 amount m/a increases with an increase in the num- 
ber of times of contact until it saturates. However, 
when the amount of bite is small, the number of 
times of contact necessary for the amount m/a to 
saturate increases. In addition, the difference be- 

55 tween the amount m/a at the time of the first 
contact and the amount m/a at the time of satura- 
tion increases. When an image whose major part is 
occupi d by black is developed, the toner on the 
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roller 38 is consumed in a great amount with the 
result that the rollers 36 and 38 contact each other 
only once. By contrast, when a white image portion 
continues, the number of times of contact in- 
creases because the toner on the roller 38 is not 5 
consumed. Therefore, to maintain the image den- 
sity constant, both the amount m/a at the time of a 
single contact and the amount m/a at the time of 
saturation should satisfy the above relation Mi £ 
m/a £ M^. to 

FIG. 19 shows a relation between the amounts 
m/a at the time of a single contact and saturation 
and the amount of bite t of the rollers 36 and 38. 
As shown, as the amount t increases, the amount 
m/a at the time of a single contact increases and 75 
saturates at ti. On the contrary, in the event of 
saturation, the amount m/a sequentially decreases 
with an increase in t and saturates at fe. The 
saturation amount is substantially maintained con- 
stant (Mo). On the roller 38, the relation Mi £ m/a £ 20 
M 2 should be satisfied, as stated earlier. Hence, 
there should be satisfied both a condition of t £ t3 
for a single contact and a condition of t £ U for the 
saturation. While FIG. 19 shows a specific relation 
of ti £ fc> £ ta £ U, the relation will change depend- 25 
ing on, for example, the bias for development. 
Again, a relation satisfying both of the necessary 
conditions for a single contact and saturation is 
determined to be t £ to (to = U in FIG. 19). 

The rollers 36 and 38 slip on each other due to 30 
a difference in the direction and speed of rotation. 
As a result, as shown in FIG. 20, an increase in the 
amount of bite results in an increase in the torque 
necessary for driving the rollers 36 and 38. Further, 
as shown in FIG. 21, for a given amount of bite, the 35 
necessary torque increases with an increase in the 
hardness of the roller 38. The increase in required 
torque results in the need for a bulky motor and 
thereby increases the cost of the device. As FIG. 
21 indicates, to maintain the torque lower than an 40 
allowable torque T 0f the rubber hardness should be 
less than Ho. It was found by experiments that the 
rubber hardness should be less than 60 degrees as 
prescribed by JIS-A. 

As stated above, this embodiment maintains 45 
the rollers 36 and 38 in contact and controls the 
amount of toner to a predetermined amount by a 
gap produced by elastic deformation. Hence, even 
a toner or single component type developer can be 
uniformly charged. This ensures stable image for- so 
mation by reducing the toner of opposite polarity. 
When the rollers 36 and 38 are rotated in opposite 
directions, they are caused to bite into each other 
in order to make it difficult for the toner to pass 
through the nip portion. In this condition, the 55 
amount of toner to be transferred is determined 
only on the basis of a linear velocity ratio, so that 
the amount of toner is stabilized. Further when the 



rollers 36 and 38 bite into each other, it is desirable 
to implement the roller 38 by a comparatively soft 
material in the aspect of the relation to the drum 1 
and cost. In addition, the roller 38 is provided with 
a rubber hardness of less than 60 degrees as 
prescribed by JIS-A. This successfully reduces the 
torque necessary for the roller 38 to be driven. 

3rd Embodiment 

This embodiment pertains to the amounts of 
toner to be conveyed by the rollers 36 and 38 and 
adopts the previously stated relation (i) between 
the bias voltages F1 and F2. 

Referring again to FIGS. 3 and 4, when the 
amount of toner T passing through between the 
rollers 36 and 38 for a unit time and a unit area is 
changed, the amount of toner T to deposit on a 
latent image of maximum potential on the drum 1 
for a unit time and a unit area increases. Assume 
that in a 2 3° C, 50 %RH atmosphere, the roller 38 
conveys the toner T in an amount of 1.4 mg/cm 2 
for a unit time, and that the amount of toner to be 
conveyed by the roller 36 for a unit time and a unit 
area is changed. FIG. 22 shows a development 
gamma characteristic determined in such condi- 
tions. Specifically, assume that the electrostatic 
potential deposited on the drum 1 is Vo, that the 
surface potential of the drum 38 is Vm, and that the 
toner T is transferred to the latent image of maxi- 
mum potential on the drum 1 in an amount of Mt 
g/(cm 2 .t). Then, the characteristic shown in FIG. 22 
refers to a relation between the difference (Vo - 
Vm) and the amount of toner Mt g/(cm 2 .t). In FIG. 
22, characteristic curves Ho, T2o, T3o and r*o 
were respectively determined when the amount 
mt2 of toner conveyed by the roller 38 were 0.7 
mg/cm 2 , 0.5 mg/cm 2 , 0.3 mg/cm 2 , and 0.2 mg/cm 2 . 
When the amount mt1 decreases to below 0.2 
mg/cm 2 , the toner T is easy to crash or adhere; 
when it increases to above 0.7 mg/cm 2 , the toner T 
cannot be sufficiently charged. Preferably, there- 
fore, the amount mt1 should be greater than 0.2 
mg/cm 2 - but smaller than 0.7 mg/cm 2 . 

The characteristic curves shown in FIG. 22 
changes due to aging and surrounding conditions. 
FIG. 23 shows characteristic curves Tn-r4i after 
the copying operation has been repeated 30,000 
times. Further, FIGS. 24 and 25 respectively in- 
dicate characteristic curves ri2-r*2 obtained in a 
5-C, 25 % RH atmosphere, and characteristic 
curves ri3-r 4 3 obtained in a 3 5*C, 85 %RH 
atmosphere. It will be seen that the amount of toner 
T to be transferred to the latent image of maximum 
potential on the drum 1 sequentially increases as 
the deterioration due to aging proceeds or as the 
temperature and humidity increase. However, only 
if the amount to be conveyed by the roller 36 for a 
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unit time and a unit area is less than 0.7 mg/cm 2 , 
the amount Mt to be transferred to the latent image 
of maximum potential remains lower than 1.5 
mg/cm 2 . This prev nts the toner T transferred to a 
paper from melting and flowing into the white back- 
ground. 

To adjust the amount mt1 assigned to the roller 
36, the contact pressure of the blade 40, made of 
stainless steel, acting on the roller 36 and the 
contact position thereof are adjusted. Specifically, 
as shown in FIG. 26, the blade 40 is pressed 
against the roller 36 by an amount of Fc from a 
position where it simply contacts the roller 36. At 
the same time, the blade 40 projects a distance Lv 
from a point Co where the edge 40a thereof con- 
tacts the roller 36. In practice, the distance Lv is 
negative and corresponds to a distance in the 
drawing direction. When the blade 40 is forced 
toward the roller 36 by the amount Fc. the blade 40 
shifts its contact point Co to Ci toward the base 
end of the blade 40. 

The values Fc and Lv of the blade 40 were 
changed to measure the resulting amounts mt1 of 
toner conveyance by the roller 36. The distance Lv 
provided mt1 = 0.2 mg/cm 2 and the distance Lv 
provided mt1 = 0.7 mg/cm 2 were measured to be 
-0.5 mm and -1.1 mm, respectively. The amount Fc 
was 0.9 mm without exception. 

The potential difference (Vo - Vm) is selected 
to lie in a saturation range in which the amount Mt 
of toner to be transferred to the latent image of 
maximum potential remains substantially constant 
relative to the above potential difference. Assume, 
among the unfavorable conditions shown in FIGS. 
23 and 25, the condition shown in FIG. 25 and in 
which the temperature is 35 0 C and the humidity is 
85 %RH. In this condition, when the amounts mt1 
and mt2 of toner conveyance by the rollers 36 and 
38, respectively, are 0.2 mg/cm 2 and 1.4 mg/cm 2 , 
the amount Mt of toner has a maximum value of 
1.1 mg/cm 2 . However, because the actual transfer 
ratio is 64 wt%, the toner is transferred to a paper 
in an amount of 0.7 mg/cm 2 . When the paper 
carrying such an amount of toner was fixed, the 
image was measured to have an image density Dl 
nearly equal to 1.3. Because this density Dl is 
substantially equal to a value required of the maxi- 
mum density on a paper, the above set values give 
the lower limits under a given condition. 

On the other hand, assume that the ratio of the 
peripheral speed v1 of the first roller to the periph- 
eral speed v2 of the second roller 38 and the 
difference between the bias voltages F1 and F2, 
i.e., Vd are maintained constant. Then, the amount 
mt2 assigned to the roller 38 is a monotonously 
incrementing function relative to the amount mt1 
assigned to the roller 36. 



FIG. 27 shows a relation between the amounts 
mtl and mt2 by using the speed ratio v!/v2 and 
voltage difference Vd as parameters. In curves Tij 
(i, j = 1, 2, 3), the index / is representative of (vo - 

5 Vm); it is 1 when (Vo - Vm) is 400 V, 2 when (Vo - 
Vm) is 300 V, or 3 when (Vo - Vm) is 200 V. 
Likewise, the index j is representative of v1/v2 and 
is 1 when v1/v2 is 2, 2 when v1/v2 is 3, or 3 when 
v1/v2 is 5. Thus, they are proportional so long as 

70 m/2 £ 1 .4 holds. The amount mt2 of 1.4 is also the 
lower limit which prevents the toner T from defac- 
ing an image when it is transferred from the roller 
38 to the latent image of maximum potential and 
then fixed by the fixing unit. 

is Therefore, because mt1 £ 0.7 mg/cm 2 must 

also be satisfied when mt2 is 0.4, mt1 =1.7 and 
mt2 = 1.4 also give lower limits. Combining these 
lower limits with the above limits, there is produced 
a relation of 1 .4/0.7 = 2 £ mt2/mt1 £ 1 .4/0.2 = 7, 

20 i.e., 2 £ mt2/mt1 £ 7. ft is necessary that the ratio 
of the peripheral speed v2 of the roller 38 to the 
peripheral speed vO of the drum 1 be greater than 
1 .0 but smaller than 1 .4. 

Some specific conditions found by changing 

25 the peripheral speeds v1 and v2 and bias voltages 
F1 and F2 will be described. First, when the bias 
voltages F1 and F2 were changed while the ratio 
v1/v2 was selected to be 2.75. In the embodiment, 
the voltages F1 and F2 were nearly equal to each 

30 other. When F1 and F2 were respectively -700 V 
and -400 V, i.e., when F2 - F1 = -400 - (-700) = 
300 V, most of the toner T deposited on the roller 
36 was transferred to the roller 38. When F1 and 
F2 were respectively 0 V and -400 V, i.e., when F2 

35 - F1 = -400 - (0) = -400 V, most of the toner 
deposited on the roller 36 was left on the roller 36, 
and the toner T transferred to the roller 38 was 
returned to the roller 36. Further, when F1 and F2 
both were in a floating state, the toner T deposited 

40 on the roller 36 was transferred to the roller 38, but 
partly remained on the roller 36. 

Because the roller 36 bites into the roller 38, 
the contact pressure between the rollers 36 and 38 
is determined by the hardness of the roller 36 and 

45 the amount of bite of the roller 36 into the roller 38. 
The contact pressure, in turn, determines how easy 
the toner T can pass through between the rollers 
36 and 38. Whether or not the toner T is trans- 
ferred from the roller 36 to the roller 38 depends 

so on the orientation and intensity of the electric field 
between the rollers 36 and 38, the contact pres- 
sure, the adhering force of the toner T, etc. When 
the roller 36 was rotated in the reverse direction, 
i.e., in such a manner as to follow the movement of 

55 the roller 38, and when F1 and F2 were respec- 
tively -800 V and -400 V, most of the toner T was 
transferred from the roller 36 to the roller 38. 
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In this manner, the embodiment allows the 
amount of toner to be conveyed by the roller 38 to 
the developing position to be controlled rf the 
speed ratio v1/v2 and potential difference (F2 - F1) 
are suitably selected. As a result, the amount mt1 5 
and charge of the toner T to be conveyed by the 
roller 36, the speed ratio v2/vo, and the amount Mt 
of toner can each be controlled independently of 
the others. 

As stated above, in the embodiment, the con- 10 
tact pressure between the blade 40 and the roller 
36 and the projection of the blade edge 40a are 
controlled to maintain the amount mt1 of toner to 
be conveyed by the roller 36 greater than 0.2 
mg/cm 2 but smaller than 0.7 mg/cm 2 . This allows is 
the device to form, despite the use of toner or 
single component developer, a toner image of suffi- 
cient density without defacing the image or causing 
the oppositely charged toner from appearing. 

20 

4th Embodiment 

Referring again to FIG. 2, the problems to 
which this embodiment pertains will be described. 
As shown, in the developing device 10A. the belt 25 
1a and magnetic hard roller 16a are rotated at the 
same peripheral speed in contact with each other. 
As shown in FIG. 28, when the periphery of the 
roller 16a is magnetized at an irregular pitch, the 
irregular pitch directly appears in the resulting im- 30 
age as a defect. To obviate this occurrence, it has 
been customary to move the roller 16a at a three 
times to four times higher peripheral speed and 
minimize the magnetizing pitch as far as possible. 
However, as for the magnetizing pitch, an average 35 
flux cannot be formed on the surface of the roller 
16a due to, for example, magnetic interference 
occurring at the time of magnetization. In addition, 
a predetermined flux is not attainable. When the 
peripheral speed of the roller 16a is increased to 40 
make up for the short toner supply, there arises 
other problems including the toner offset at the 
time of recording a black solid image or a halftone 
image, and jitter. FIG. 29 shows the accumulation 
of toner causative of the above-mentioned toner 45 
offset and occurring when the toner supply from 
the roller 16a to the belt 1a is excessive. Particu- 
larly, the toner excessively deposits on the trailing 
edge of a black solid image. 

FIG. 30 shows a specific arrangement for elimi- so 
nating the above problems. As shown, a conveyor 
belt 17 is interposed between the drum 1 and the 
roller 16a. This kind of arrangement was found to 
obviate magnetic interference at the time of mag- 
netization as well as other undesirable occurrences. 55 
However, when the magnetizing pitch of the roller 
16a is greater than 5 mm, the distance between the 
nearby poles is too great to form an intense flux 



circuit although the circuit may be formed. More- 
over, the point intermediate between the nearby 
poles of the roller 16a is originally magnetically 
neutral and cannot magnetically retain the toner. 
Specifically, the toner particles at the intermediate 
point attract each other due to the flux connecting 
the nearby poles and merely cover the intermedi- 
ate point. The flux, therefore, weakens with an 
increase in the distance between the adjoining 
poles, causing the toner to be displaced by a 
mechanical force. In this condition, when the toner 
is transferred from the roller 16a, contacting the 
belt 17 and moving at a higher speed than the belt 
17, to the belt 17, the toner at the intermediate 
point is displaced due to the contact with the belt 
17. Consequently, the toner layer on the belt 17 
and, therefore, the resulting toner image becomes 
irregular in density. 

FIG. 31 shows a relation between the mag- 
netizing pitch and the flux density (tesla), i.e., how 
the flux density changes when the magnetic field 
generating layer of the first roller 36 is magnetized 
in a given amount. As shown, the flux density 
sharply decreases when the magnetizing pitch de- 
creases to below 1 mm; the amount of magnetiz- 
ation decreases with a decrease in the pitch. This 
is partly because the magnetism flies to nearby 
electrodes at the time of magnetization and partly 
because magnetic interference occurs between the 
electrodes. Hence, in the illustrative embodiment, 
the lower limit of the distance between the nearby 
electrodes should be about 1 mm. 

FIG. 32 shows a relation between the mag- 
netizing pitch and the number of irregular portions 
to occur in the toner layer. As shown, the number 
of irregular portions increases with an increase in 
magnetizing pitch and sharply increases when the 
pitch increases to above 5 mm. This brings about 
the problem discussed with reference to FIG. 30. In 
this embodiment, the upper limit of the magnetizing 
pitch is selected to be less than 5 mm. 

FIG. 33 shows a relation between the flux den- 
sity (tesla) and the amount of toner to deposit on 
the first roller 36. The toner on the roller 36 must 
form a thin layer evenly and stably. This solely 
depends on the degree to which the roller 36 can 
magnetically retain the toner thereon. As shown in 
FIG. 33, when the flux density is less than 10 
(range a), the amount of toner deposition is ex- 
tremely unstable and sharply decreases. This is 
because the magnetic attraction of the roller 36 is 
not intense enough to retain the toner. On the other 
hand, when the flux density is higher than 50 
(range £>), the magnetic attraction and contact pres- 
sure acting between the roller 36 and the magnetic 
blade 40 increase. As a result, the restriction of the 
blade 40 overcomes the attraction of the roller 36, 
causing the amount of toner deposition on the 
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roller 36 to decrease. It follows that the toner will 
stably deposit on the roller 36 if the flux density 
ranges from 1 0 to 50 (range c). 

The blade 40 may be made of martensite- 
based stainless steel, if desired. 

As stated above, the roller 36 has its magnetic 
field generating layer magnetized at a pitch of 1 
mm to 5 mm. This ensures a predetermined flux 
density by obviating the interference between near- 
by electrodes at the time of magnetization. The 
toner can be transferred from the roller 36 to the 
roller 38 in such a manner as to form a uniform 
toner layer. Hence, the resulting image is free from 
an irregular density distribution, background con- 
tamination, and other defects. 

Further, the magnetic force for causing the 
field generating layer of the roller 36 to retain a 
predetermined amount of toner is variable over a 
certain range. Hence, changes in surrounding con- 
ditions, including the temperature inside the ap- 
paratus and atmospheric temperature, can be suffi- 
ciently coped with. The aging of the roller 36 and 
blade 40 can also be coped with. This enhances 
the reliability of the developing device while ensur- 
ing attractive images. 

The magnetic blade 40 is held in contact with 
the field generating layer of the roller 36 by an 
even pressure. This further promotes the deposi- 
tion of the roller 36 in a thin uniform layer. In 
addition, the accuracy required of the blade 40 in 
position and part is eased while the cost of the 
device is reduced. 

5th Embodiment 

As shown in FIG. 34, this embodiment elimi- 
nates the oppositely charged toner by applying a 
bias voltage F3 (V) to the blade 40. The bias 
voltage F3 is equal to or higher than the bias 
voltage F1 applied to the first roller 36. As shown, 
the bias voltages V1 and V3 are respectively ap- 
plied from the power source 44 and a power 
source 44a to the roller 36 and the blade 40 in the 
above relation. In this condition, the oppositely 
charged toner T+ from the hopper 12 is elec- 
trostatically collected by the blade 40 and pre- 
vented from joining the toner layer on the roller 36. 
At the same time, the toner T + attributable to the 
frictional charging of the blade 40 is collected by 
the blade 40. It is to be noted that the toner layer 
on the roller 36 is as thin as ten and some microns 
or less. 

The blade 40 fails to collect some of the toner 
of opposite polarity T + from the roller 36. This part 
of the toner T+ tends to move from the roller 36 to 
the roller 38 together with the toner of regular 
polarity Tc. However, because the bias voltages F1 
and F2 are respectively applied to the rollers 36 



and 38, only the toner Tc is transferred to the roller 
38 due to the electric force generated by the 
voltages F1 and F2. The toner T+ is left on the 
roller 36 and then collected in the hopper 14 or 

5 again regulated by the blade 40 to the proper 
polarity by friction. 

When the bias voltage (negative potential) F3 
applied to the blade 40 is higher than the voltage 
V1 applied to the roller 36, a charge can be in- 

70 jected into the toner around the blade 40 to some 
degree. This also contributes to the elimination of 
the undesirable toner T + . The blade 40 may be 
implemented by a thin resilient sheet metal, e.g., a 
sheet of stainless steel (SUS301-CSP or 420J2 by 

75 way of example). 

As stated above, this embodiment reduces the 
amount of toner of opposite polarity T + and allows 
the blade 40 to collect it. Hence, a minimum 
amount of toner T+ is allowed to deposited on the 

20 roller 36. In addition, the toner T+ is prevented 
from being transferred from the roller 36 to the 
roller 38. This excludes the undesirable toner T + 
in two consecutive stages and reduces it with high 
accuracy. The resulting images are free from back- 

25 ground contamination, irregular density distribution, 
and other defects. 

6th Embodiment 

30 This embodiment pertains to toner or single 

component type developer exclusively applicable 
to any one of the foregoing embodiments. FIG. 35 
shows a relation between the volume resistivity of 
toner and the allowance of background contamina- 

35 tion. The background contamination is attributable 
to the toner T transferred from the second roller 38 
to the background whose potential is little different 
from the potential of the roller 38. Hence, as the 
potential difference causing the toner to start mov- 

40 ing from the roller 38 to the drum 1 decreases, the 
contamination is more aggravated. The allowance 
of background contamination is represented by the 
minimum potential difference between the roller 38 
and the drum 1 which maintains the contamination 

45 below a standard value. Specifically, if the allow- 
ance determined by the characteristic of the toner 
T is selected to be sufficiently great, the latent 
image can turn out a toner image with a minimum 
of background contamination without being affected 

so by, for example, a decrease in the surface potential 
of the drum 1 due to aging. 

As FIG. 35 indicates, the allowance increases 
with an increase in the volume resistivity of the 
toner T. Assuming that the practical allowable value 

55 of the contamination is Vi , then an allowance great- 
er than the value Vi is available if the toner T has a 
volume resistivity of higher than 10 8 Ocm. Gen- 
erally, the volume resistivity of the toner T de- 
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creases with an increase in the content of magnetic 
powder dispersed in the toner particle. Hence, by 
limiting the content of the magnetic powder in the 
particle, it is possible to increase the volume re- 
sistivity to above 1 0 8 Qcm. The loner image devel- 5 
oped by such toner T is stable and provided with 
cl ar background. 

FIG. 36 shows a relation between the mean 
particle size of the toner T of the embodiment and 
the edge reproducibility rank as to a toner image. ;o 
The edge reproducibility rank is the index repre- 
sentative of the edge reproducibility of a toner 
image; a higher rank indicates a sharper toner 
image. As shown, the reproducibility rank de- 
creases with an increase in the mean particle size 75 
for the following reason. When the mean particle 
size increases, the packing density of toner T for a 
unit area decreases on the roller 38, and in addition 
the amount of toner deposition becomes uneven. 
The resulting toner image has its edges and thin 20 
lines blurred. Assuming that the practical allowable 
value of the reproducibility rank is r, a reproduc- 
ibility rank higher than the value r is achievable if 
the toner T has a mean particle size of less than 12 
urn. This kind of toner provides a toner image with 25 
sharp edges and sharp thin lines. 

FIG. 37 shows a relation between the content 
of magnetic powder of the toner particle and the 
amount of toner deposition on the roller 36. FIG. 38 
shows a relation between the content of magnetic 30 
powder and the density of a toner image. 

By limiting the content of magnetic powder, it 
is possible to implement a volume resistivity higher 
than 108 Bern, as stated earlier. However, a de- 
crease in the content of magnetic powder trans- 35 
lates into a decrease in the amount of toner T to 
deposit on the roller 36. The amount of magnetiz- 
ation of the roller 36 may be increased to prevent 
the amount of toner T from decreasing on the roller 
36. This, however, intensifies the magnetic attrac- 40 
tion of the roller 36 acting on the blade 40 which is 
generally made of metal. The intense attraction 
increases the frictional resistance between the roll- 
er 36 and the blade 40, thereby increasing the 
torque for driving the roller 36 and accelerating the 45 
wear of the blade 40. Particularly, when the roller 
36 is rotated in the counter direction (arrow A) 
relative to the blade 40, as shown in FIG. 3, the 
required torque and wear are aggravated. For this 
reason, the roller 36 should be magnetized only in so 
a minimum necessary amount 

The relation between the content of magnetic 
powder and the amount of toner deposition on the 
roller 36 shown in FIG. 37 holds when the roller 36 
is magnetized in the minimum necessary amount. 55 
It will be seen that the amount of toner deposition 
on the roller 36 increases with an increase in the 
content of magnetic powder. Assume that the ade- 



quate amount of toner deposition on the roller 36 
has a lower limit tL and an upper limit tu- Then, if 
the content of magnetic powder is greater than 15 
wt%, but smaller than 60 wt%, an adequate 
amount of toner can be deposited on the roller 36. 
Further, when the content is less than 60 wt%, the 
toner can also be provided with the volume resistiv- 
ity higher than 108 0cm. 

In the illustrative embodiment, the magnetic 
powder is implemented by ferrite and serves to 
color the toner T in black at the same time. Hence, 
a change in the content of the magnetic powder 
leads to a change in the density of the toner T. 

FIG. 38 shows a relation between the density 
of a toner image and the content of the magnetic 
powder to hold when the amount of toner deposi- 
tion on the roller 36 is tt- Assuming that the mini- 
mum necessary density of a toner image is s, then 
a latent image can be stably developed in a den- 
sity higher than s if the content of magnetic powder 
is greater than 20 wt%. 

FIG. 39A shows a toner particle Tp in which 
magnetic powder M having a mean particle size of 
greater than 1 urn is dispersed. Likewise, FIG. 39B 
shows a toner particle Tp in which magnetic pow- 
der M having a mean particle size of smaller than 1 
um is dispersed. In the condition shown in FIG. 
39A, the powder M is apt to be unevenly distrib- 
uted. In the portion where the powder M gather, the 
resistance is noticeably lowered with the result that 
conduction occurs and prevents the particle TP 
from retaining a charge. In addition, the uneven 
distribution of the powder M lowers the volume 
resistivity of the toner T and invites background 
contamination. By contrast, in the condition shown 
in FIG. 39B, the powder M is evenly distributed 
and sets up an even resistance distribution in the 
particle Tp. This allows the particle Tp to surely 
retain the expected charge and, in addition, pre- 
vents the volume resistivity from falling. 

FIG. 40 shows a relation between the mean 
particle size of the powder M and the allowance of 
background contamination to hold when the content 
of the powder M in the particle Tp is constant. As 
shown, assuming that the practical value of the 
allowance of background contamination is v 2 , an 
allowance greater than V2 is achievable if the mean 
particle size of the powder is less than 1 um. 
When a latent image is developed by the toner T 
containing less than 1 am of powder M in each 
particle, the resulting toner image is free from 
background contamination. 

In summary, this embodiment provides a suffi- 
cient potential difference between the roller 36 and 
the drum 1 which causes the toner particles to start 
moving. Hence, the allowance of background con- 
tamination can be selected to be greater than the 
allowable value. A toner image produced by such 
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toner is free from background contamination. Also, 
the toner is packed on the roller 38 in a sufficiently 
high density and in an even distribution, so that an 
edge reproducibility rank higher than an allowable 
value can be selected. This kind of toner is capable 5 
of rendering edges and thin lines sharp. 

Further, the embodiment causes an adequate 
amount of toner to deposit on the roller 36 and 
provides the toner with an adequate black level. 
Hence, the toner T is allowed to form a layer on w 
the roller 36 stably. As a result, the resulting toner 
image Has high quality and adequate in density. 
Moreover, the magnetic powder is evenly distrib- 
uted in each toner particle to set up an even 
resistance distribution. This, coupled with the fact 75 
that the volume resistivity of the toner is prevented 
from falling, allows the toner particles to surely 
retain the expected charge and makes it possible 
to increase the allowance of background contami- 
nation to above the allowed value. This also sue- 20 
cessfully frees the resulting toner image from back- 
ground contamination. 

Various modifications will become possible for 
those skilled in the art after receiving the teachings 
of the present disclosure without departing from the 25 
scope thereof. 

Claims 

1. A developing device for an image forming ap- 30 
paratus and for developing a latent image elec- 
trostatically formed on an image carrier by 
toner, said device comprising: 

first conveying means for conveying the 
toner deposited thereonf 35 

regulating means contacting said first con- 
veying means, and for regulating the toner on 
said first toner conveying means to form a thin 
toner layer while charging said toner by fric- 
tion; and 40 

second conveying means contacting said 
first conveying means and the image carrier, 
and for receiving the toner from said first con- 
veying means and causing said toner to de- 
posit on the latent image of said image carrier; 45 

wherein said regulating means and said 
first conveying means contact each other un- 
der a pressure of higher than or equal to 20 gf 
but lower than or equal to 360 gf . 

so 

2. A device as claimed in claim 1, wherein said 
regulating means has a ground edge. 

3. A developing device for an image forming ap- 
paratus and for developing a latent image elec- 55 
trostatically formed on an image carrier by 
toner, said device comprising: 

first conveying means for conveying the 



toner deposited thereon; 

regulating means contacting said first con- 
veying means, and for regulating the toner on 
said first toner conveying means to form a thin 
toner layer while charging said toner by fric- 
tion: and 

second conveying means contacting said 
first conveying means and the image carrier, 
and for receiving the toner from said first con- 
veying means and causing said toner to de- 
posit on the latent image of said image earner; 

wherein said regulating means and said 
first conveying means contact each other un- 
der a pressure of higher than 0 gf but lower 
than 360 gf, and wherein said regulating mem- 
ber bites into said first conveying means by at 
least -0.1 mm. 

4. A device as claimed in claim 3, wherein said 
regulating means has a ground edge. 

5. A developing device for an image forming ap- 
paratus and for developing a latent image elec- 
trostatically formed on an image carrier by 
toner, said device comprising: 

first conveying means for conveying the 
toner deposited thereon; 

regulating means for regulating an amount 
of the toner to deposit on said first conveying 
means; and 

second conveying means for receiving the 
toner from said first conveying means while 
said first and second conveying means are in 
rotation; 

wherein said first and second conveying 
means contact each other at least during im- 
age formation. 

6. A developing device for an image forming ap- 
paratus and for developing a latent image elec- 
trostatically formed on an image carrier by 
toner, said device comprising: 

first conveying means for conveying the 
toner deposited thereon; 

regulating means for regulating an amount 
of the toner to deposit on said first conveying 
means; and 

second conveying means for receiving the 
toner from said first conveying means while 
said first and second conveying means are in 
rotation; 

wherein when said first and second con- 
veying means are rotated in opposite direc- 
tions to each other, said first and second con- 
veying means bite into each other at least 
during image formation. 
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7. A device as claimed in claim 6, wherein said 
second conveying means has a lower hard- 
ness than said first conveying means. 

8. A device as claimed in claim 6, wherein said 
second conveying means is made of a material 
having a rubber hardness of lower than 60 
degrees as prescribed by JIS-A. 

9. A developing device for an image forming ap- 
paratus and for developing a latent image elec- 
trostatically formed on a photoconductive drum 
by toner, said device comprising: 

a hard first developing roller formed with 
fine magnetic N-S poles on a periphery there- 
of, and for conveying the toner magnetically 
deposited thereon; 

a blade contacting said first developing 
roller, and for regulating an amount of the 
toner to be conveyed by said first developing 
roller while charging said toner passing 
through between said blade and said first de- 
veloping roller by friction; 

a second developing roller softer than said 
first developing roller, and contacting said first 
developing roller, and for electrostatically at- 
tracting the toner of adequate charge, con- 
veyed by said first developing roller, and con- 
veying said toner toward the photoconductive 
drum; and 

two bias power sources each for applying 
a particular bias voltage to one of said first and 
second developing rollers; 

wherein a contact pressure acting between 
said blade and said first developing roller and 
a projection of an edge portion of said blade 
from a point where said edge portion contacts 
said first developing roller are selected such 
that the toner is conveyed by said first devel- 
oping roller in an amount of greater than 0.2 
mg/cm 2 but smaller than 0.7 mg/cm 2 for a unit 
time and a unit area. 

10. A device as claimed in claim 9, wherein the 
toner is conveyed by said second developing 
roller in an amount of greater than or equal to 
0.7 mg/cm 2 . 

11. A device as claimed in claim 9, wherein a ratio 
of the amount of the toner conveyed by said 
first developing roller to the amount of the 
toner conveyed by said second developing 
roller is greater than or equal to 2 but smaller 
than or equal to 7. 

12. A developing device for an image forming ap- 
paratus and for developing a latent image elec- 
trostatically formed on an image carrier by 



toner, said device comprising: 

first conveying means for conveying the 
toner deposited thereon; 

regulating means for regulating an amount 
5 of the toner to be conveyed by said first toner 

conveying means while charging said toner by 
friction; and 

second conveying means contacting said 
first conveying means, and for receiving the 
io charged toner from said first conveying means; 

wherein said first toner conveying means 
comprises a magnetic field generating layer 
which is magnetized at a pitch ranging from 1 
mm to 5 mm. 

15 

13. A device as claimed in claim 12, wherein said 
magnetic field generating means has a flux 
density ranging from 10 tesla to 50 tesla. 

20 14. A device as claimed in claim 12. wherein said 
regulating means comprises a magnetic mem- 
ber. 

15. developing device for an image forming ap- 
25 paratus and for developing a latent image elec- 
trostatically formed on an image carrier by 
toner, said device comprising: 

first conveying means for conveying the 
toner deposited thereon; 
30 regulating means for regulating an amount 

of the toner to be conveyed by said first toner 
conveying means while charging said toner by 
friction; 

first biasing means for applying a parti cu- 
35 lar bias voltage to each of said first conveying 

means and said regulating means; 

second conveying means for electrically 
attracting the toner, charged in contact with 
said first conveying means, to thereby cause 
40 said toner to deposit thereon; and 

second biasing means for transferring the 
charged toner from said first conveying means 
to said second conveying means; 

wherein assuming that the bias voltages 
45 applied to said first conveying means and said 

regulating means are respectively F1 and F3, a 
relation of |F1 1 £ |F3| holds. 

16. Toner for use with a developing device for an 
50 image forming apparatus and comprising first 

conveying means for conveying said toner de- 
posited thereon, regulating means for regulat- 
ing said toner on said first conveying means to 
form a thin toner layer while charging said 
55 toner by friction, and second conveying means 

for causing the charged toner to deposit there- 
on at a position where said first and second 
conveying means contact each other, said 
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toner having a volume resistivity of higher than 
or equal to 10 8 Ocm. 

17. Toner for use with a developing device for an 
image forming apparatus and comprising first 5 
conveying means for conveying said toner de- 
posited thereon, regulating means for regulat- 
ing said toner on said first conveying means to 
form a thin toner layer while charging said 
toner by friction, and second conveying means 10 
for causing the charged toner to deposit there- 
on at a position where said first and second 
conveying means contact each other, said 
toner having a mean particle size of smaller 

than or equal to 12 um. js 

18. Toner for use with a developing device for an 
image forming apparatus and comprising first 
conveying means for conveying said toner de- 
posited thereon, regulating means for regulat- 20 
ing said toner on said first conveying means to 
form a thin toner layer while charging said 
toner by friction, and second conveying means 

for causing the charged toner to deposit there- 
on at a position where said first and second 25 
conveying means contact each other, said 
toner containing magnetic powder dispersed in 
a content greater than or equal to 20 wt% but 
smaller than or equal to 60 wt% in each par- 
ticle. 30 

19. Toner for use with a developing device for an 
image forming apparatus and comprising first 
conveying means for conveying said toner de- 
posited thereon, regulating means for regulat- 35 
ing said toner on said first conveying means to 
form a thin toner layer while charging said 
toner by friction, and second conveying means 

for causing the charged toner to deposit there- 
on at a position where said first and second aq 
conveying means contact each other, said 
toner containing, in each particle, magnetic 
powder having a mean particle size smaller 
than or equal to 1 um. 

45 



50 



55 
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deterioration due to toner particles charged to a polarity 
opposite to an expected polarity. The toner is formed 
into a uniform thin layer on the first roller (36) and is uni- 
formly charged by a biased regulating means (40). 
Toner for use with this type of developing device is also 
disclosed. 
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The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have been paid within the prescribed time limit The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 
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□ All further search fees have been paid within the fixed time limit The present European search report has 
been drawn up for all claims. 
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search report has been drawn up for those parts of the European patent application which relate to the 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups ot Inventions, namely: 

1. Claims: 1-5 

Regulating means having a ground edge contacts first 
conveying means. 



2. Claims: 6-8 

First and second conveying means are rotated in opposite 
directions to each other, to bite into each other* 



3. Claims: 9-11 

Hard first developing roller and softer second conveying 
roller with bias voltage and with certain range of toner 
amount on first developing roller. 



4. Claims: 12-14 

Magnetic field generating layer with pitch between 1 and 5 
rrni of first toner conveying means. 



5. Claim : 15 

First biasing means between regulating means and first 
conveying means with bias voltages according to certain 
relation. 



6. Claim : 16 

Toner having a volume resistivity higher or equal than 
certain value. 



7. Claim : 17 

Toner having a mean particle size smaller or equal than a 
certain value. 



8. Claim : 18 

Toner containing magnetic powder dispersed in a content 
within a certain wt%- range. 



9. Claim : 19 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

Toner containing magnetic powder having a mean particle size 
smaller than or equal to a certain size. 
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